exposures (from frame to frame), the phase is cycled between 0, π, π/2 and 3π/2. Frames corresponding to each respective phase are averaged. The averaged data for each phase shift is used for the calculation of the phase maps. The total duration for acquisition of each data point is 6.7 s. 
SUPPLEMENTARY METHODS

Description of complete time-reversal
We represent the ultrasound-modulated speckles in the plane of the US focus (A) by the electric field E A . Upon further propagation through scattering tissue and free space, the ultrasound-modulated field at the detection plane (B) is
where !" is the complete transmission matrix (with complex transmission values) describing the propagation of ! from the plane containing the US focus (A) to the detection plane (B). In the case of perfect phase conjugation, where the full solid angle of the scattered wavefront is intercepted and time-reversed, !" is unitary, lossless and time-symmetric. Thus, the phaseconjugated field back at plane A, ! , , is described by
recovering the ultrasound-modulated field at plane A (where * denotes complex conjugate and † denotes the complex transpose of a matrix). Therefore, theoretically, the electric field of the speckles in the ultrasound focus can be faithfully reconstructed without error when the scattered field is completely time-reversed.
Derivation of peak-to-background ratio in partial phase conjugation
Because of the finite etendue of real phase-conjugate mirrors, only a fraction of the scattered wavefront intercepted is time-reversed. As a result, the transmission matrix is no longer unitary. In a random scattering medium, the transmission matrix can instead be approximated by we show that a background always exists in the case of partial phase conjugation. Furthermore, the expected ratio of the peak intensity of the phase conjugate focus and its background can be found. We consider two cases -phase and amplitude time reversal and phase only time reversal.
The former is relevant to the general case of phase conjugation using photorefractive crystals and digital phase conjugate mirrors with phase and amplitude controls; the latter is specific for our system where only the phase of the scattered field is time-reversed.
In both cases, we describe M input channels (speckles) in the ultrasound focus at plane A as a vector with elements, ! ! . We let !" !" be the complex elements of the transmission matrix mapping each of the M input channels (speckles) to the N possible output modes intercepted by the finite area phase conjugate mirror at plane B, where the output channels are represented by the a vector with elements ! ! . We consider first a system with only one non-zero input mode (corresponding to a single-mode source). Without the loss of generality, we let this non-zero input mode be ! ! . Thus, we obtain
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Case 1: Phase and amplitude time-reversal
Assuming the phase conjugate mirror has unit reflectivity and invoking the timesymmetric property of the transmission matrix, the phase conjugate, ! ! ′ is scattering medium, the ensemble average of ! can be found by considering the statistics of the circular Gaussian distribution and in so recognizing that itself follows the Gamma distribution,
We thus obtain
We will now show that the elements at plane A with zero input will have non-zero phase conjugate intensities (i.e. ! ! ! > 0 ≠ 1), constituting a phase conjugate background. We let the transmission through channel n at plane B back to any input mode ≠ 1 at plane A be
. Upon playback of the phase conjugate field for ! ! ′ , the intensity at plane A where ≠ 1
where the ensemble average of
! can be found using the statistics of a complex circular Double Gaussian distribution:
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It is clear then that there is a non-zero average background intensity associated with the phaseconjugated speckle, and that the ratio of that phase-conjugated speckle to its background is:
Experimentally, N is related to the number of uncorrelated speckles intercepted by the phase conjugate mirror and its upper limit is determined by the number of pixels on the spatial light modulator; M is the number of speckles modulated by the ultrasound and thus decreases as the ultrasound focus decreases.
Case 2: Phase only time-reversal
In the case where a phase only phase conjugate mirror is used, the phase-conjugated electric field and intensity of the input speckle, respectively, are
and the derivations of !!!"# !"#$ follows exactly that of [37] for the case of iterative wavefront optimization to multiple targets through scattering medium, obtaining for ≫ 1:
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Phase jitter in acoustic wave
Our technique This beating usually averages out during the much longer integration time of the CMOS camera.
But if the illumination is pulsed, the pulse duration approaches one beating cycle or less and the phase of the beating is locked to the laser trigger output, the interference between the non-shifted beam and the shifted beam may nevertheless be detected. This would not be desirable in our case, since a small phase drift between the non-shifted beam and the reference beam would lead to an added artificial signal on the phase map we measure. To ensure that such coherent effects between the non-shifted beam and the frequency-shifted beam are not detected on our camera, we randomly alternate between two trigger delays of a time difference that corresponds to half a 
